Emotion and its effects on other psychological phenomena are frequently studied by presenting emotional pictures for a short amount of time. However, the duration of exposure strongly differs across paradigms. In order to ensure the comparability of affective response elicitation across those paradigms, it is crucial to empirically validate emotional material not only with regard to the affective dimensions valence and arousal, but also with regard to varying presentation times. Despite this operational necessity for the temporal robustness of emotional material, there is only tentative empirical evidence on this issue. To close this gap, we conducted a large sample study testing for the influence of presentation time on affective response elicitation. Two hundred and forty emotional pictures were presented for either 200 or 1000 ms and were rated by 302 participants on the core affect dimensions valence and arousal. The most important finding was that affective response elicitation was comparable for 200 and 1000 ms presentation times, indicating reliable temporal robustness of affective response elicitation within the supra-liminal spectrum. Yet, a more detailed look on the data showed that presentation time impacted particularly on high arousing negative stimuli. However, because these interaction effects were exceedingly small, they must be interpreted with caution and do not endanger the main finding, namely the quite reliable temporal robustness of affective response elicitation. Results are discussed with regard to the comparability of affective response elicitation across varying paradigms.
INTRODUCTION
Emotions and affective reactions are core processes of human behavior. In order to investigate the processing of emotional contents, participants are typically confronted with pictorial material in psychological experiments. Pictures are used because it is presumed that they elicit reliable affective reactions by simultaneously enabling experimental control. Still, there remains a vivid discussion of which dimensions are relevant in emotional processing. The dimensional view of emotion (Wundt, 1896) , later supported by Osgood's work (Osgood, 1952) , used factor analytic methods (Carroll et al., 1959) and found two main dimensions, termed "valence" and "arousal, " explaining a great deal of variance in affective evaluations. Similarly, Russell (2003) proposed a framework defining the atoms of emotions as core affect, which consists of the two dimensions of valence (pleasant to unpleasant) and arousal (sleepy to activated). These building bricks of emotion classification are often considered to be independent, although there is considerable doubt concerning this relationship of valence and arousal (Kuppens et al., 2013 ). Yet, there is not only uncertainty on the functional dependencies of affective reactions on a conceptual level, but also on a process level. In particular, the question on the boundary conditions of the process underlying affective response elicitation is still of major importance for the field (cf., Huang et al., 2008) . In any case, emotion research strongly relies on the availability of empirically verified affective stimulus material that reliably elicits affective responses across a variety of paradigms targeted at the same processing stages. The necessity of empirically verified affective material in emotion research becomes especially apparent considering the large amount of emotional picture databases. We will now shortly discuss those available databases and highlight the shortcoming to which the conducted large sample study shall respond.
Existing Databases

IAPS
The need of emotion research for empirically verified affective material was first addressed by Lang and colleagues who founded the IAPS database (Lang et al., 1993 (Lang et al., , 2008 . Over a period of 10 years, affective pictures were rated by participants on the dimensions of valence, arousal, and dominance. Since then, this database has mainly served two purposes: a better control of the affective content of the stimulus material and accessibility of normed emotional material leading to shared usage by different scientific groups and thereby ensuring a better comparability of studies from different laboratories. The pictures' suitability has also been validated on physiological measures of affect induction and expression (Lang et al., 1993) as well as on neuropsychological methods (Bradley et al., 2007) . The IAPS pictures have also proven cross-cultural validity in both an Eastern European (Drace et al., 2013 ) and a Chilean sample (Dufey et al., 2011) . -Glauser and Scherer (2011) noted that the IAPS material is prone to habituation effects when presented repeatedly to the same pool of participants, and that new material is therefore needed. They also argued that the semantic content of the pictures was too broad to capture enough specific situations, objects, or emotional categories that some researchers might need (e.g., violation of norms and laws, animal, and human cruelty etc.). To provide new material they installed an own database called the Geneva affective picture database (GAPED), which comprises 730 affective pictures including spiders, snake pictures, and scenes of the violation of legal and moral norms. These pictures were rated on the dimensions of valence, arousal, and the accordance of the stimuli with moral and legal norms.
GAPED
Dan
EmoPics and NAPS
Two other databases are the EmoPics database (Wessa et al., 2010) which was developed to supply the IAPS database with new picture material and the Nencki Affective Picture Systems (NAPS; Marchewka et al., 2014) . The NAPS database was built in anticipation of the growing demand for empirically validated and normed affective pictures of higher quality and bigger image sizes than provided by the previous databases. The authors also took approach-avoidance motivation into their rating procedure.
While controlling for many stimulus features like picture content, luminance, color, complexity etc., what all the above mentioned databases still lack is control of the pictures' ability to induce affective responses when they are presented only for a short time interval. The present study is exactly concerned with this goal. To the best of our knowledge there has been no research yet that aimed to determine whether short presentation times of stimuli alter their perceived affective content. This appears to be astonishing not only because inducing affect by shortly presented pictures is of crucial importance for a variety of research fields, but also with regard to current theorizing on the processes underlying affective response elicitation. For instance, having a closer look at the attentional and motivational underpinnings of emotion processing quickly unveils the importance of investigating the time course of subjective affective responses. In particular, taking the perspective of a motivated attention account (e.g., Lang et al., 1997; Hamm et al., 2003) , the processing of emotional stimuli does not only include a shift in motivational orientation but also a shift in attentional focus. Together these two processes then combine to prepare the organism for an affective response. Against this background it seems plausible to presume that the significance of an emotional event (cf., Bradley, 2009) and in this regard the involvement of the motivational and attentional processes might vary with presentation duration. Unfortunately, the existing databases only provide valence and arousal ratings which were given by participants with no time constraints. It is, however, completely unclear whether these ratings are still valid if participants see those pictures only for a very short period of time.
The current large sample study was designed to overcome this shortcoming. In particular, 240 emotional pictures were presented for either 200 or 1000 ms and were rated by 302 participants on the core affect dimensions valence and arousal. The main objective of the current study is therefore to provide empirically verified data on the temporal robustness of affective response elicitation across paradigms presenting stimuli only for a very short amount of time. To this end, we summarize two groups of different experimental paradigms below, which typically use emotional pictures for eliciting affective responses with either short or long presentation times. So the question is "Are affective responses elicited by emotional pictures in-say the affective priming paradigm-comparable with affective responses in the evaluative conditioning paradigm?"
In the group of emotional paradigms using short stimulus presentation times, evaluative priming procedures like affective priming or affect misattribution are frequently studied. In these paradigms, affective material like pictures or words are often used as shortly presented primes preceding a target object of some class (i.e., a picture, word, Chinese character etc.) and some valence (i.e., positive, negative, or neutral) that has to be classified by some rule (i.e., valence, word, or non-word etc.) while reaction times are recorded (Wentura and Degner, 2010) . To clarify the terminology, by priming we refer to short-term sequential priming (Wentura and Rothermund, 2014) . Many behavioral studies used the affective priming procedure (e.g., Hermans et al., 1994; Spruyt et al., 2002 Spruyt et al., , 2007 Eder et al., 2012) typically presenting affective primes for 150-200 ms. Additionally, electrocortical studies have been conducted to explore the neural time course of the priming process (e.g., Zhang et al., 2006 Zhang et al., , 2010 or the interaction of valence and arousal on neural correlates of a typical affective priming study (e.g., Zhang et al., 2012) . As mentioned before, emotional pictures are also used as primes in affect misattribution paradigms (e.g., Hashimoto et al., 2012) . In this study, primes were presented for 75 ms. As all of the mentioned presentation times of emotional pictures lie in the range of 75-200 ms, we decided to capture the lower end of short presentation times within the supra-liminal spectrum by presenting emotional pictures for only 200 ms.
In the group of emotional paradigms using long stimulus presentation times, one class of paradigms, that turned out to be of particular interest to investigating the acquisition and change of affective and emotional responses, are those concerned with the evaluative conditioning effect (EC-effect). The EC-effect refers to changes in the evaluation of a neutral conditioned stimulus (CS) due to its repeated pairing with an affect-laden unconditioned stimulus (US; De Houwer et al., 2001) . In these paradigms, the affect-laden US as well as the neutral CS are generally presented supra-liminally with lower mean presentation times in the range of 500-2000 ms. Comparable mean presentation times are also used when investigating affective processing in an attentional blink paradigm (e.g., Smith et al., 2006) .
Presenting stimuli for either 200 or 1000 ms thus covers a wide spectrum of presentation times typically used in a variety of paradigms applied in emotion research. We tackle the important question whether the subjective affective responses, elicited in the participants, are comparable across these paradigms. While comparable affective response elicitation across these paradigms would allow for an integration of the resultant findings, modulations of affective response elicitation by duration of exposure would require a more differentiated perspective. In this regard, the current study is an important step in determining the degree to which findings from different experimental paradigms, which are used to study emotional responses, may be integrated.
METHODS
Participants and Design
The study sample consisted of 302 students (190 female; M age = 22.55, SD age = 2.99) from diverse disciplines (psychology = 57.14%; pedagogy = 15.28%; business studies = 8.31%; others = 19.27%) of the University of Trier. Participants were recruited with the help of posters and flyers including inter alia, information on the compensation, participants' task (i.e., picture evaluation), and some exemplary pictures. Thus, participants were already informed about the real purpose of the study before their actual participation. Moreover, participants signed a consent form before participation. In this regard, the study fully complied with the ethics regulations of our university and was exempt from a formal ethics application.
Students received either 5 Euros or course credit in exchange for their participation. Participants were randomly assigned to the conditions of a 4 (Picture subset: 1 vs. 2 vs. 3 vs. 4) × 2 (Block: valence rating first vs. arousal rating first) × 2 (Duration of presentation: 200 vs. 1000 ms) × 2 (Valence: positive vs. negative) × 2 (Arousal: low vs. high) mixed-factorial design with between-participants variation on the first three factors. As standardized effect size, we computed partial η 2 (Olejnik and Algina, 2000) .
Stimulus Material
A stimulus pool was built with pictures found on the internet with various degrees of valence and arousal. The preselection of pictures from the internet was determined by their representativeness for the emotional contents mirroring the four possible combinations of high and low valence, and high and low arousal (i.e., positive/low arousal, positive/high arousal, negative/low arousal, and negative/high arousal). For each of these categories, a team of four student research assistants as well as the authors searched ∼120 pictures within the internet matching the respective emotional content. After this preselection, 60 pictures from each content set were selected, which seemed to be most representative of the targeted content and were also comparable with regard to their perceptual features (e.g., size of the depicted persons, picture resolution etc.). Accordingly, the final stimulus pool comprised 240 colored and black-and-white pictures, which were classified by their valence (positive or negative) and their arousal (low vs. high) content into four groups of 60 pictures each (for a detailed description as well as statistical values of all pictures see Supplementary Tables S1-S4). Stimuli were selected from the internet in order to guarantee that pictures were largely unknown to the participants, which should counteract knowledge-based distortions of participants' spontaneous evaluations of the pictures. All pictures were adjusted to be of roughly the same size. In particular, height of the pictures was fixed to 300 px (∼79.375 mm) and width of pictures to 400 px (∼105.833 mm). The entire experiment was programmed and presented in EPrime 2.0 (Schneider et al., 2002) . Stimuli were presented on a 19-inch LCD-screen with a screen refresh rate of 60 Hz and a color depth of 32 Bit.
Procedure
Upon entering the laboratory, participants were welcomed by the experimenter and led into a soundproof and air-conditioned cubicle with a chair and a PC. Participants were seated in front of the screen at a distance of 60 cm. At the beginning of the procedure participants were told that they were going to be presented with pictures for a short duration of time and that they had to rate these pictures. Because of the number of the stimulus material that had to be rated, the pool was quartered. The separation results in four sets of 60 pictures with each of the aforementioned groups containing 15 pictures each (i.e., positive/low arousal, positive/high arousal, negative/low arousal, and negative/high arousal). Participants were randomly assigned to one of the four sets and rated this respective subset of the stimulus pool. Moreover, half of the participants were randomly assigned to one of two duration conditions. Half of the participants were shown the stimuli for 200 ms whereas the other half were shown the stimuli for 1000 ms 1 . Before each of the two rating tasks started (i.e., one for valence and one for arousal), four learning trials were presented to familiarize the participants with the task. On each trial, the target stimulus was presented at the top center of the screen above a graphic rating scale of 200 mm length. While the target stimuli were only presented for a short amount of time (i.e., 200 or 1000 ms), the graphic rating scale remained on the screen until participants had made their evaluation. Participants could indicate their evaluation by dragging a slider with their mouse cursor to a new position on the scale. In the valence rating task participants were asked if the presented picture felt positive or negative to them. The left end of the graphic scale was labeled "negative" and the right end was labeled "positive." Beyond that no further division of the scale was used. The computer program recorded negative judgments on the left side from −1 to −100, and positive judgments on the right side from +1 to +100. The neutral midpoint of the scale (0) served as the starting position for each judgment. In the arousal rating task, participants had to rate if the presented pictures were creating a sensation of calmness (low arousal) or a sensation of activation (high arousal). Endpoints of the scale were labeled "calmness" on the left, and activation on the right. In order to ensure that participants would focus on their physical reactions when making those assessments and thus their actual arousal response, we provided as a further anchor on this decision a SelfAssessment Manikin (SAM; Bradley and Lang, 1994) scale for arousal. This scale was presented above the graphic rating scale in each trial. Comparable to the valence rating task the computer program recorded calmness judgments on the left side from −1 to −100, and activation judgments on the right side from +1 to +100. After the rating of a stimulus, participants had to click on a "next" button to proceed to the next trial. The order of stimulus presentation was randomized for each participant. Participants rated each stimulus of their assigned subset on both dimensions. The order of valence and arousal rating was counterbalanced between participants. After completing all trials, participants were thanked, debriefed, and then awarded their compensation.
RESULTS
Mean scores of rated valence were composed by averaging over valence ratings of each stimulus in each group of valence and arousal dimension, and over sets within these groups. Mean scores of rated arousal were composed the same way over arousal ratings. Those average scores were analyzed by a 2 (Duration: 200 vs. 1000 ms) × 2 (Valence: positive vs. negative) × 2 (Arousal: low vs. high) mixed models analysis of variance with between variation on the first and within variation on the second and third factor 2 . All sets had almost equal numbers of participants 1 Presentation duration was varied between subjects in order to keep inter-rater variability as low as possible while at the same time ensuring a constantly high level of motivated attention to the task. Specifically, manipulating presentation duration within-subjects would either have required a doubling of the absolute number of ratings for each participant or a further splitting of the stimulus pool. In any case inter-rater variability or motivated attention to the task would vary thereby endangering the interpretability of our results. 2 Due to a technical problem, one picture of positive valence and low arousal out of the third set was not presented in valence rating and therefore had to be (N Set1 = 77, N Set2 = 76, N Set3 = 75, N Set4 = 74) that rated the pictures within the set.
Valence Rating
The analysis for valence ratings revealed the expected significant main effect for valence, F (1, 300) = 3968.22, p < 0.001, η p 2 = 0.93, indicating that stimuli categorized as positive were rated more positive than stimuli of negative categorization (M pos = 56.91, SD pos = 19.48, M neg = −61.4, SD neg = 16.14). This finding can be seen as a manipulation check indicating that prior categorization of valence is empirically supported. An interaction between valence and duration reached marginal significance, F (1, 300) = 3.85, p < 0.10, η p 2 = 0.01 (negative: M 200 ms = −58.14, SD 200 ms = 18.09, M 1000 ms = −64.64, SD 1000 ms = 16.37; positive: M 200 ms = 56.48, SD 200 ms = 21.93, M 1000 ms = 57.35, SD 1000 ms = 21.95). Post-hoc analyses revealed that negative pictures were evaluated more negatively in the 1000 ms condition as compared to the 200 ms condition, t (300) = 3.47, p < 0.001, d = 0.40. However, there were no differences in evaluation for positive images, t (300) = −0.39, p = 0.698, d = 0.04. Furthermore, a significant main effect of arousal was observed, F (1, 300) = 333.12, p < 0.001, η p 2 = 0.53, showing that stimuli of low arousal were rated more positive than stimuli of high arousal (M low = 3.72, SD low = 8.46, M high = −8.2, SD high = 10.04). The main effect was qualified by an interaction with duration, F (1, 300) = 6.58, p < 0.05, η p 2 = 0.02, showing that high arousing pictures were rated more unpleasant when they were presented for 1000 ms than for 200 ms, t (300) = 3.89, 
Arousal Rating
The analysis for arousal ratings revealed a significant main effect of arousal indicating that stimuli categorized to contain high arousal were rated more arousing than stimuli categorized to be of low arousal, F (1, 300) = 1007.34, p < 0.001, η p 2 = 0.77, (M high = 30.43, SD high = 18.84 and M low = −6.44, SD low = 18.49, respectively). There was also a significant main effect of valence, F (1, 300) = 265.66, p < 0.001, η p 2 =.47, (M pos = −2.61, SD pos excluded from both valence and arousal ratings. To ascertain this decision, both analyses (picture included vs. excluded) were computed showing that results of both analyses did not differ significantly.
= 24.38, M neg = 26.6, SD neg = 19.58), indicating that negative pictures were evaluated as more arousing than positive pictures. Moreover, there was an interaction of valence and duration, F (1, 300) = 4.04, p < 0.05, η p 2 = 0.01, (negative: M 200 ms = 24.56, SD 200 ms = 1.58, M 1000 ms = 28.65, SD 1000 ms = 1.6; positive: M 200 ms = −1.05, SD 200 ms = 1.97, M 1000 ms = −4.17, SD 1000 ms = 2.00). Post-hoc analyses revealed marginally significant higher arousal ratings for negative stimuli that were presented for 1000 ms than 200 ms, t (300) = 1.81, p = 0.076, d = 0.21, and no effect of duration for positive stimuli, t (300) = 1.12, p = 0.268, d = 0.13. Finally, there was a significant interaction of valence and arousal, F (1, 300) = 26.46, p < 0.001, η p 2 = 0.15 ( Figure 1B) . Post hoc analyses revealed that for both low and high arousing pictures, pictures of positive valence were evaluated less arousing than those of negative valence, t (301) = −16.60, p < 0.001, d = 1.38 and t (301) = −11.77, p < 0.001, d = 0.88, respectively (positive: M low = −24.77, SD low = 30.61, M high = 19.60, SD high = 27.69; negative: M low = 11.90, SD low = 21.94, M high = 41.25, SD high = 21.28).
Reliability Analysis
To check for the internal consistency of items within the different sets and thus their comparability we calculated the intraclass correlation coefficient (ICC) by making use of a two-way random model. Indices were computed for each group (positive/low arousing, positive/high arousing, negative/low arousing, and negative/high arousing) of 15 pictures within each of the four sets and for both duration conditions. The analysis was done for valence as well as arousal ratings. As shown in Tables 1, 2 , the results indicate a good internal consistency for all groups within sets with ICC ranging from 0.81 to 0.96. For the duration conditions ICC ranged from 0.76 to 0.97. Figure 2 shows a correlation plot of valence and arousal ratings.
DISCUSSION
Our main objective was to analyze the temporal robustness of affective responses. Specifically, the study tested the temporal robustness of affective responses in a range of presentation times typically used across many paradigms in emotion research.
The valence ratings as well as arousal ratings revealed the expected main effects of valence and arousal. This finding validates the pre-categorization of the pictures on the affective response dimensions, valence, and arousal. On both rating dimensions, main effects of the opposite dimension (e.g., valence on arousal ratings, and vice versa) were significant. The two significant main effects formed an interaction on both valence and arousal ratings. In addition, all sets were tested for their internal consistency for both the 200 and the 1000 ms condition. ICCs ranged between 0.76 and 0.97 indicating a good to very good consistency of sets and groups for both presentation time conditions. Most important for the purpose of the current study, however, were the results regarding the duration factor. In particular, the main result was that affective responses were quite robust irrespective of presentation time. A closer look, however, showed that this pattern was somewhat more complex, as indicated by the interaction of duration and arousal, and duration and valence on valence ratings. With regard to the first interaction effect it turned out that high arousing pictures elicit more negative ratings if they are presented for longer time intervals while the presentation time did not influence the valence ratings of low arousing pictures. Complementing the finding that high arousal results in more negative evaluations when presented for 1000 ms as compared to 200 ms, the interaction between valence and duration showed that negative images, but not positive images, were evaluated slightly more negative in the 1000 ms condition. Moreover, there turned out to be a comparable interaction between valence and duration for arousal ratings; that is, negative stimuli elicited more arousing ratings when they were presented for 1000 ms as compared to 200 ms. In sum, these results indicate that the impact of high arousing stimuli on cognition, which are naturally negative in valence, increases with exposure duration. To be more precise, the more the exposure duration to negative high arousing events increases, the more the evaluation of those events and the activation of the alerting system will increase. Thus, these results reflect the high sensitivity of our cognitive system in processing emotional events with high affordances regarding action control. That the involvement of the alerting system might depend on exposure duration has also been proposed in previous research concerned with the temporal constraints of the motivational processing of emotional stimuli (Codispoti et al., 2001 ). However, insofar as the authors did not experimentally vary presentation duration, this notion needed further experimental evidence which our findings might provide. However, it has to be noted that these interaction effects with duration explained only little variance (η p 2 was 0.01 or 0.02). Thus, they complement but do not disqualify our main finding that affective response elicitation is relatively stable across different presentation times. In turn, this relatively high temporal robustness indicates that the use of emotional pictures in paradigms comprising stimulus presentation times between 200 and 1000 ms should evoke comparable emotional responses. These findings have important implications for social cognitive research that investigates emotional and affective processing. When investigating emotional and affective processing within the supra-liminal spectrum, presentation times of the affective material strongly differ between paradigms. Therefore, it might be argued that, for instance, affective responses in an affective priming task are not comparable to those elicited in an evaluative conditioning paradigm. That is, the comparability of affective responses elicited by the same material might be questioned. The results of the current study counteract such an argumentation by providing relatively strong evidence to the assumption that affective response elicitation is robust across presentation times ranging between 200 and 1000 ms. Moreover, these findings are also relevant to many cognitive psychology studies because they are also greatly dependent on temporally robust affective picture material. Whether these studies use an altered task switch paradigm (Braem et al., 2013) , dot probe tasks (Kappenman et al., 2015) , stroop-like paradigms (Padmala et al., 2011 ), a visual discrimination task (Shafer et al., 2012) , or a varied flanker task, all these approaches use shortly presented emotional pictures (200-500 ms).
Nonetheless, it should be noted that our results are restricted to affective responses at the lower end of the supra-liminal spectrum. In order to further our understanding on affective response elicitation across the whole temporal spectrum, future research should also include shorter presentation times like 20-40 ms. Specifically, including shorter presentation times might broaden the scope of our findings to masked or subliminal procedures. Likewise, future research should address the question whether the interaction pattern found in the current study becomes more prominent when further increasing the duration of exposure. This would be especially important with regard to the nature of the motivational and attentional processes involved in affective response elicitation. In particular, one might determine inasmuch the operation of these processes actually follows an all-or-none principle or a more context sensitive principle.
Moreover, one might question whether our findings do also apply to pictures from the more established databases (e.g., IAPS, EmoPics, GAPED), because we only tested self-selected pictures from the internet. Even though pictures from at least some of the established picture databases have also been selected from the internet (e.g., GAPED database and also the EmoPics database), the reliability of our findings regarding other picture databases needs to be tested empirically. Additionally, the generalizability of our findings to the larger population should be investigated in future research by making use of a more heterogeneous sample (i.e., stronger variability with regard to educational background, age, etc.). In this context replicating our study with picture material from more established databases as well as with a more representative sample should be worthwhile goals for future research.
In conclusion, since it is an operational need of emotional research to ensure a stable affective response elicitation across paradigms, the importance of an empirical test on the temporal robustness of affective responses cannot be overstated.
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